(» 



CrossMark 



organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

N-(2-Chloroethyl)morpholine-4-carbox- 
amide 

Oguejiofo T. Ujam,^* Jonnie N. Asegbeloyin/ Brian K. 
Nicholson,'' Pius O. Ukoha'" and Nkechi N. Ukwueze'' 

^Department of Pure and Industrial Chemistry, University of Nigeria, Nsukka, Enugu 
State, Nigeria, and ''Department of Chemistry, University of Waikato, Private Bag 
3105, Hamilton, New Zealand 
Correspondence e-mail: oguejiofo. ujam@unn.edu.ng 

Received 21 December 2013; accepted 16 March 2014 



Key indicators: single-crystal X-ray study; 7 = 99 K; mean (y{C~C) = 0.008 A; disorder 
in main residue; R factor = 0.059; wR factor = 0.1 58; data-to-parameter ratio = 27.5. 



The title compound, C7H13CIN2O2, synthesized by the 
reaction of 2-chloroethyl isocyanate and morpholine, crystal- 
lizes with four molecules in the asymmetric unit, which have 
similar conformations and comprise two pairs each related by 
approximate non-crystallographic inversion centres. Two of 
them have a modest orientational disorder of the 2-chloro- 
ethyl fragments [occupancy ratio of 0.778 (4):0.222 (4)]. In the 
crystal, molecules are linked by N— H- ■ ■0=C hydrogen 
bonds, forming three crystallographically different kinds of 
infinite hydrogen-bonded chains extending along [001]. 

Related literature 

For the solution-phase preparation of substituted morpholine 
derivatives, see: Lainton et al. (2003). For a related thio- 
morpholine analogue, see: Ujam et al. (2010); Henderson et al. 
(2006). 




Experimental 

Crystal data 

C7H13CIN2O2 
Mr = 192.64 
Monoclinic, Cc 
a = 10.7393 (8) A 
b = 33.613 (3) A 
c = 9.9942 (7) A 
^ = 95.704 (5)° 



V = 3589.9 (5) A^ 
Z= 16 

Mo Ka radiation 
/i = 0.39 mm"' 
r= 99 K 

0.30 X 0.10 X 0.10 mm 



Data collection 

Siemens SMART CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick 2003) 
r„i„ = 0.892, r„„„ = 0.962 



Refinement 

R[F^ > 2a(F^)] = 0.059 

wR(F^) = 0.158 

5 = 1.04 

8451 reflections 

307 parameters 

164 restraints 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



39446 measured reflections 
8451 independent reflections 
5276 reflections with / > 2a(I) 
Ri„, = 0.082 



Ap„ax = 0.56 e A ^ 

Apmin = -0.59 e A"^ 

Absolute structure: Flack (1983), 

4226 Friedel pairs 
Absolute structure parameter: 

0.38 (17) 
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D-H---A 


N2-H2C- ■ -06 


0.85 


2.03 


2.831 (6) 


157 


N4-H4C--04' 


0.86 


2.00 


2.826 (6) 


162 


N6-H6C- ■ 02" 


0.85 


2.00 


2.819 (6) 


161 


N8-H8C-08'" 


0.82 


2.05 


2.809 (6) 


153 


Symmetry codes: (i) x, 


-V + 1, z 4 


1; (ii) x,y,z- 1; (iii) 


.V, -y -+2.Z- 


hi. 



Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al, 
2006); software used to prepare material for publication: WinGX 
(Farrugia, 2012). 

We thank the Department of Pure and Industrial Chemistry, 
University of Nigeria, Nsukka, for some financial assistant and 
Dr Tania Groutso, University of Auckland, for the data 
collection. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: QK2064). 
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N-(2-Chloroethyl)morpholine-4-carboxamide 

OguejiofoT. Ujam^ Jonnie N. Asegbeloyin^ Brian K. Nicholson^ Pius O. Ukoha and Nkechi N. 
Ukwueze 

1 . Comment 

The title compound, N-(2-chloroethyl) morpholine-4-carboxamide, was prepared as part of an ongoing project 
investigating the multifunctional alkylation of [Pt2(//-S)2(PPh3)4] (Ujam etal, 2010). The X-ray structure determination 
established the molecular structure and atom connectivity of the title compound C7H13CI1N2O2 (Fig. 1). There are four 
independent molecules in the asymmetric unit which have the same overall conformation and comprise two pairs each 
related by approximate non-crystallographic inversion centres. Two of them have a modest orientation disorder of the 2- 
chloroethyl fragments. The molecules consist of a chair-shaped morpholine rmg attached to a planar urea-type N2CO unit. 
The 2-chloroethyl side chains are oriented approximately perpendicular to the N2CO unit. In the crystal structure the 
molecules are linked by N— H--0=C hydrogen bonds (N-0 = 2.809 (6) - 2.83 1 (6) A) to form three 
crystallographically different kinds of infinite hydrogen bonded chains extending along [001] (Fig. 2), all with criss-cross 
patterns of molecule orientations when viewed along the chains (Fig. 3). 

2. Experimental 

Morpholine [HN(CH2CH2)20, 200 mg, 0.002 mmol] was added to a solution of 2-chloroethyl isocyanate 
[CICH2CH2NCO, 200 mg, 0.002 mmol] in diethyl ether (30 mL), immediately producing a white precipitate of the 
product. After stirring for 5 min the product was filtered and washed with ether (20 mL) and dried under vacuum to give 
C1CH2CH2NHC(0)N(CH2CH2)20. Crystals suitable for X-ray crystallographic analysis were obtained by vapour 
difiusion of diethyl ether into a dichloromethane solution. 

3. Refinement 

Crystal data, data collection and structure refinement details are summarized in the crystallographic data Table. 
Diffraction images of the reciprocal space calculated from the recorded frame data were consistent with the 
crystallography reported and did reveal neither commensurate nor incommensurate superstructure reflections. All 
attempts to solve the structure in space group die were unsuccessful, but it solved readily in Cc. The compound has four 
independent molecules in the asymmetric unit, comprising two pairs each related by an apparent inversion centre at x,y,z 
= 0.43, 0.63, 0.81 for the molecules 1 (Cll, 01, 02, Nl, N2, CI through CI) and 2 (C12, N3, N4, 03, 04, C8 through 
C14), and at x,y,z = 0.42, 0.88, 0.3 1 for molecules molecules 3 (C13, 05, 06, N5, N6, C15 through C21) and 4 (C14, N7, 
N8, 07, 08, C22 through C28) . The two inversion centres were approximately related by 0 0.25 0.5 which is not a 
crystallographic relationship in C2/c, so the structure could not be converted to the centrosymmetric cell. Refinement was 
completed m the non-cenfrosymmetric space group Cc, and the crystal treated as a racemic twin. Unrestrained refinement 
led to a large spread in values for chemically equivalent bond parameters, and some unrealistic thermal ellipsoids, no 
doubt arising from instability associated with the pseudosymmetry. Hence the final refinement restrained the independent 
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molecules to similar geometry using the SAME command of SHELXL, and EADP constraints were applied to equivalent 
atoms related by pseudosymmetry. Some residual electron density appeared to arise from partial disorder of the ethylene 
groups of two of the molecules (molecules 2 and 4) over two sites (0.78:0.22), so the C atoms of the minor component 
were included with fixed isotropic thermal parameters. Otherwise all non-hydrogen atoms were treated anisotropically. H 
atoms attached to carbon atoms were included in calculated positions [{/iso(H) = 1.2x(7equ(C)], but those attached to the 
amide N atoms were refined with Z)i*7X constraints and {7150(11) = 0.03 fixed. 

CM ^ 




Figure 1 

The molecular structure and atom numbering of one of the four independent molecules of the title compound with 
displacement parameters drawn at the 40% probability level for non-H atoms. 



CM 



08 



N8 




N8 



CI1 




014 
S 




02 



CI2 




N4 



on 



06 



N2.- 



012 



► 04 





N4 



012 



0 



Figure 2 

Crystal structure of the compound showing the four different intermolecular N — H - 0=C hydrogen bonds (dotted lines) 
within the three different hydrogen bond chains along [001]. C-bonded H atoms omitted for clarity. 
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CI3 CM 

Figure 3 

Packing diagram of the title compound viewed along [001], the hydrogen bond chain direction. Symmetry equivalent 
molecules are colour coded and only CI atoms were labeled. H atoms omitted for clarity. 



iV-(2-Chloroethyl)morpholine-4-carboxamide 



Crystal data 

CvHnClNjOz 
M,.= 192.64 
Monoclinic, Cc 
fl= 10.7393 (8) A 
6 = 33.613 (3) A 
c = 9.9942 (7) A 
y? = 95.704 (5)° 
K= 3589.9 (5) A^ 
Z= 16 



F(000)= 1632 

D„ = 1.426 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3770 reflections 

e = 2-27° 

fi = 0.39 mm-' 

r=99K 

Needle, colourless 
0.30 X 0.10 X 0.10 mm 



Data collection 

Siemens SMART CCD 

diffractometer 
Radiation source: fine-focus sealed tube 

CO scans 

Absorption correction: multi-scan 

{SADABS; Sheldrick 2003) 
r^.„ = 0.892, r^ax = 0.962 
39446 measured reflections 

Refinement 

Refinement on 
Least-squares matrix: full 
R[I^ > 2a(F^)] = 0.059 
= 0.158 
1.04 
8451 reflections 
307 parameters 
164 restraints 



845 1 independent reflections 
5276 reflections with/> 2a{T) 
Rm = 0.082 

dmnK ~ 27.8°, 6min ~ 1-2° 

/, = -14^14 
/c= -43^44 
/ = -13^13 



Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[c7^iF„^) + (0.0582P)2 + 2.927P] 

where P = (F„^ + 2F,y3 
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(A/o-)^ = 0.001 Absolute structure: Flack (1983), 4226 Friedel 

Apmax = 0.56 e A"' pairs 

Apmin = -0.59 e A"' Absolute structure parameter: 0.38 (17) 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refined as a 2-component inversion twin (here a polar twin) with a component ratio of 0.38/0.62. The final 
refinement restrained the four independent molecules to similar geometry using the SAME command of SHELXL, and 
EADP constraints were applied to equivalent atom pairs related by pseudosymmetry. Some residual electron density 
appeared to arise from partial disorder of the ethylene groups of two of the molecules over two sites (0.78:0.22) so the C 
atoms of the minor component were included with fixed isotropic thermal parameters. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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Tl *ITT 


CI 


0.1793 (6) 


0.69065 (18) 


0.5906 (7) 


0.0257 (6) 


HIA 


0.2429 


0.6694 


0.5886 


0.031* 


HIB 


0.1907 


0.7095 


0.5168 


0.031* 


C2 


0.0503 (6) 


0.67256(17) 


0.5692 (6) 


0.0295 (6) 


H2A 


-0.0133 


0.6940 


0.5615 


0.035* 


H2B 


0.0420 


0.6572 


0.4843 


0.035* 


C3 


0.0387 (5) 


0.66860 (16) 


0.8026 (6) 


0.0299 (6) 


H3A 


0.0211 


0.6505 


0.8767 


0.036* 


H3B 


-0.0244 


0.6901 


0.7973 


0.036* 


C4 


0.1672 (5) 


0.68631 (15) 


0.8331 (6) 


0.0245 (6) 


H4A 


0.1701 


0.7025 


0.9161 


0.029* 
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0.029* 


C5 
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C6 
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H6A 


0.3323 
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0.7397 


0.029* 


H6B 


0.3423 


0.8225 
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0.029* 


C7 


0.4988 (4) 


0.79800 (13) 


0.6835 (6) 


0.0317(7) 


H7A 


0.5272 


0.7829 


0.6070 


0.038* 


H7B 


0.5187 


0.7822 


0.7666 


0.038* 


Nl 


0.1972(4) 


0.71155 (12) 


0.7195 (5) 


0.0201 (5) 


N2 


0.2967 (4) 


0.76644(11) 
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01 
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0.8900 
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0.jzj4 


A A1A* 

0.030^ 




riz /D 


V.JD /4 


l.Uzjz 


O.iooO 


A ATA* 

0.030^ 




Cz6 


A y1 1 AO 


1 ATC^/^ /I C\ 

1.0/jzo yvj) 


A /I /I AA 

0.4409 (o) 


A ATTA 

O.Oz/0 (o) 


0. / /8 (4) 


HzoA 


A /I om 
U.4oy / 


i.u/yo 


A 1£iA 1 


0.03z^ 




HzoB 


A y1 AAA 


1 A01 A 


A CO A O 


A A1 T * 

0.03z^ 




JN / 


(4j 


U.yo3z3 (IzJ 


A TACO /CX 

0.j9jo (D) 


A A 1 AO ( A \ 

0.0199 (4) 




XTO 

N8 


A C1AO / A\ 

0.5208 (4) 


1 AAO-^ /I / 1 1 \ 

1.00824 (11) 


A /m £: / A\ 

0.4736 (4) 


A ATAO /C\ 

0.0298 (5) 




TTO^ 


0.5529 (8) 


1 AA /I C7 /I A\ 

1.00457 (14) 


A C C 1 A /I 0\ 

0.5510 (18) 


A A'? A* 

0.030* 




U/ 


U.8412 (4) 


A AAAA/I /I A\ 
0.90094 (10) 


0.4351 (4) 


U.0321 (4) 




OS 






yj.^JJ 1 ^^^^ ) 


n f)981 (A\ 




C14 


0.29550(11) 


1.10319(3) 


0.41732 (14) 


0.03441 (18) 




C13A 


0.421 (2) 


0.4712 (5) 


0.954 (2) 


0.030* 


0.222 (4) 


C14A 


0.442 (2) 


0.4253 (5) 


0.939 (2) 


0.030* 


0.222 (4) 


C27A 


0.4955 (18) 


1.0541 (6) 


0.460 (2) 


0.030* 


0.222 (4) 


C28A 


0.3506 (17) 


1.0513(6) 


0.427 (2) 


0.030* 


0.222 (4) 



Atomic displacement parameters (A^) 









JJ12 




IP' 










CI 


0.0285 


(14) 


0.0265 


(13) 


0.0224 


(14) 


-0.0047(11) 


0.0047 (11) 


-0.0045 (11) 


C2 


0.0326 


(15) 


0.0302 


(14) 


0.0251 


(15) 


-0.0090 (12) 


0.0001 (11) 


0.0000(11) 


C3 


0.0297 


(15) 


0.0330 


(13) 


0.0280 


(15) 


-0.0047 (12) 


0.0074 (12) 


0.0043 (11) 


C4 


0.0281 


(15) 


0.0246 


(12) 


0.0203 


(13) 


-0.0047(11) 


0.0006(11) 


0.0037(10) 


C5 


0.0194 


(12) 


0.0249 


(12) 


0.0204 


(13) 


0.0015 (10) 


0.0019(10) 


0.0010 (10) 


C6 


0.0223 


(14) 


0.0251 


(14) 


0.0244 


(14) 


0.0013 (12) 


0.0005 (11) 


0.0010(11) 


C7 


0.0235 


(15) 


0.0299 


(14) 


0.0420 


(18) 


0.0007 (12) 


0.0056 (13) 


0.0004 (13) 


Nl 


0.0217 


(12) 


0.0223 


(10) 


0.0170 


(11) 


-0.0050 (9) 


0.0049 (9) 


-0.0001 (8) 


N2 


0.0403 


(13) 


0.0351 


(12) 


0.0168 


(11) 


-0.0182 (10) 


0.0019(9) 


-0.0016 (9) 


01 


0.0318 


(11) 


0.0288 


(9) 


0.0282 


(11) 


-0.0122 (8) 


0.0021 (8) 


0.0027 (8) 


02 


0.0414 


(11) 


0.0290 


(9) 


0.0172 


(9) 


-0.0094 (8) 


0.0037 (8) 


-0.0030 (7) 


Cll 


0.0332 


(4) 


0.0381 


(4) 


0.0398 


(4) 


-0.0168 (3) 


0.0012 (3) 


-0.0013 (3) 


C8 


0.0285 


(14) 


0.0265 


(13) 


0.0224 


(14) 


-0.0047(11) 


0.0047(11) 


-0.0045 (11) 


C9 


0.0326 


(15) 


0.0302 


(14) 


0.0251 


(15) 


-0.0090 (12) 


0.0001 (11) 


0.0000(11) 


CIO 


0.0297 


(15) 


0.0330 


(13) 


0.0280 


(15) 


-0.0047 (12) 


0.0074 (12) 


0.0043 (11) 


Cll 


0.0281 


(15) 


0.0246 


(12) 


0.0203 


(13) 


-0.0047(11) 


0.0006(11) 


0.0037 (10) 


C12 


0.0194 


(12) 


0.0249 


(12) 


0.0204 


(13) 


0.0015 (10) 


0.0019 (10) 


0.0010 (10) 


C13 


0.0223 


(14) 


0.0251 


(14) 


0.0244 


(14) 


0.0013 (12) 


0.0005(11) 


0.0010(11) 


C14 


0.0235 


(15) 


0.0299 


(14) 


0.0420 


(18) 


0.0007 (12) 


0.0056 (13) 


0.0004 (13) 


N3 


0.0217 


(12) 


0.0223 


(10) 


0.0170 


(11) 


-0.0050 (9) 


0.0049 (9) 


-0.0001 (8) 


N4 


0.0403 


(13) 


0.0351 


(12) 


0.0168 


(11) 


-0.0182(10) 


0.0019 (9) 


-0.0016 (9) 


03 


0.0318 


(11) 


0.0288 


(9) 


0.0282 


(11) 


-0.0122 (8) 


0.0021 (8) 


0.0027 (8) 


04 


0.0414 


(11) 


0.0290 


(9) 


0.0172 


(9) 


-0.0094 (8) 


0.0037 (8) 


-0.0030 (7) 
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rv AT TO 


(4) 


A AT 0 1 


(4) 


A AOOQ /'A\ 


A A1 ^0 /'0\ 

— U.UlDo (3 ) 


A A A 1 O /'0\ 

O.OOlz (3 ) 


A AA 1 0 /'0\ 

—0.0013 (3) 


Co 




U.Oizz 


(16) 


A AOOO 


/ 1 O \ 

(13) 


A AO AO / 1 /I \ 

U.UzUz (14) 


A AAOO /I 0\ 

U.0Uo3 (Iz) 


A AA/iO / 1 1 \ 

0.00o3 (11) 


A AAO C / 1 f\\ 

0.0035 (10) 


Cio 




A AO TA 

0.U3 /(J 


(16) 


A AO O C 


(14) 


A AO A A / 1 C\ 

0.0z44 (15) 


A A1 0 1 ^^ o\ 
U.U131 (Izj 


A AAO A / 1 0\ 

—0.0034 (IZ) 


A AAO 1 / 1 1 \ 

— O.OOzl (11) 


CI / 




A AO /IT 


(14) 


A AOA/C 


(13) 


A AO 1 A /I 

0.U31U (15J 


A AA/CO /I 1 \ 

U.UUo3 (11) 


A AA^iC /I 1 \ 

0.0056 (11) 


A AAO/i /"I 1 \ 

— 0.00z4 (11) 


Clo 




A AO ^ A 


(14) 


A AO 1 


(A 0\ 

(12) 


A AOOO /I A\ 

U.Uzz / (14) 


A f\f\A f\ /'^ ^\ 
(J. 0040 (11) 


A AA/I O / 1 1 \ 

0.004z (11) 


A AAOT / 1 A^ 

— O.OOz / (10) 


ciy 




A AO y1 C 


(13) 


A A01 /I 


/I o\ 

(12) 


A A1 OC /I 0\ 

U.Ulo5 (13) 


A AA1 O /I fW 

— O.OOlz (10) 


A AA/1 O / 1 A\ 

0.0043 (10) 


A A A 1 O / 1 A^ 

—O.OOlz (10) 


C20 




A AOAA 


(15) 


A AOO/C 


(13) 


A AOTI /I C\ 

O.Oz/1 (15J 


A AA1 /C /I 0\ 

— O.OOlo (Iz) 


A AAOO /I 1 \ 

O.OOoz (11) 


A AAO 0 /I 1 \ 

—0.0033 (11) 


C2i 




A AO 1 1 

U.Uzll 


(15) 


A AOO/I 

U.Uz /4 


(14) 


A AOOO /I /Z\ 

U.U3ZZ (lo) 


A AA 1 O / 1 0\ 

—0.0013 (Iz) 


A AAAC /I 0\ 

0.0005 (Iz) 


A AA 1 A / 1 0\ 

—0.0019 (Iz) 


JN J 




A AOQ 1 


(11) 


A A 1 OO 


(9) 


A A1 O^ /I 1 ^ 

U.Ul /5 (11) 


A AAOO /Q^ 

0.00z3 (oj 


A AAOO /'0^ 

0.00Z(5 (o ) 


A AAA 1 ^Q\ 

0.0001 (o) 


JNo 




A A1A/C 


(13) 


A A1 /I /I 


(11) 


U.U150 (11) 


A A 1 A 1 /I A\ 

o.oiyi (10) 


A AAO C /A\ 

0.0035 (y) 


A A A 1 O / A\ 

O.OOlz (y) 


UD 






(11) 


A AO AO 


(C\\ 

(9) 


A AOAO /"I 1 \ 

o.ozyi (11) 


A A1 O/C /'0^ 

O.Ulzo (o) 


A AAA1 /'0\ 

0.0001 (o) 


A AAO 1 /OA 

—0,0031 (o) 


Uo 




A A1 y1 1 


(10) 


A AO O O 


(9) 


A A1 /CO /A\ 

u.oioj (y) 


A A 1 1 

0.01 16 (o) 


A AAO 1 /'^^ 

0.0031 (/) 


A AAO 1 /n\ 

O.OOzl (/) 


cu 




A A'2 1 Q 


(4) 


n AO ^0 


/o^ 
(3) 


A AO i^A \ 

U.KJJJJ (4) 


A A 1 ^A 

0.0150 (3 ) 


A AAAO f1\ 

O.OOOz (3) 


A AA ^ ^ 

—0.0016 (3 ) 


Czz 




A A1 OO 


(16) 


A AOOO 


/ 1 0 \ 

(13) 


A AOAO /^l /l\ 

O.UzUz (14) 


A AAOO /"I o^ 

0.00o3 (Iz) 


A AA/CO /I 1 \ 

0.0063 (11) 


A AAO ^ /"i tW 

0.0035 (10) 


C2j 




A AT OA 


(16) 


A AO O C 


(14) 


A AO /I /I /I C\ 

U.Uz44 (15) 


A A1 O 1 /I 0\ 

0.0131 (Iz) 


A AAO /I / 1 0\ 

—0.0034 (IZ) 


A AAO 1 / 1 1 \ 

—O.OOzl (11) 


C24 




A AO A n 

(j.Uz4 / 


(14) 


A AOA/C 


/■I 0\ 

(13) 


A AO 1 A /I C\ 
U.UJ 10 (15) 


A AA/CO 1 1 \ 

0.00o3 (11) 


A AAC^ / 1 1 \ 

0.0056 (11) 


A AAO A / 1 1 \ 

— 0.00z4 (11) 


C2D 




A AO/1 O 


(14) 


A AO/; 1 


/■I o^ 
(12) 


n AOOT /'I 

U.Uzz/ (14) 


A f\(\A A /I 1 'V 

0.0040 (11) 


A AA/1 1 ^^ ^\ 
0.004Z (11) 


A AAOT ^^ fW 

—O.OOz / (10) 


C2o 




A AO/i C 


(13) 


A AOO /I 


(\ o\ 

(12) 


A A1 OC /I 0\ 

U.01o5 (13) 


A AA1 O /I A\ 

— O.OOlz (10) 


A f\r\A 0/1 A\ 

0.0043 (10) 


A AA1 O /I A\ 

—O.OOlz (10) 


C27 




A A-^AA 


(15) 


A f\'~\ O C 


/I o\ 

(13) 


A A1 T 1 /I C\ 

U.OzVl (15) 


A AA 1 / 1 0\ 

—0.0016 (Iz) 


A AAOO / 1 1 \ 

O.OOoz (11) 


A AAO O / 1 1 \ 

—0.0033 (11) 






U.UZ i 1 




0 vol A 


n d"i 
U^J 










N7 




0.0233 


(11) 


0.0192 


(9) 


0.0175(11) 


0.0023 (8) 


0.0028 (8) 


0.0001 (8) 


N8 




0.0396 


(13) 


0.0344 


(11) 


0.0156(11) 


0.0191 (10) 


0.0035 (9) 


0.0012 (9) 


07 




0.0360 


(11) 


0.0303 


(9) 


0.0293 (11) 


0.0126 (8) 


0.0001 (8) 


-0.0031 (8) 


08 




0.0343 


(10) 


0.0338 


(9) 


0.0163 (9) 


0.0116 (8) 


0.003 1 (7) 


0.0021 (7) 


C14 




0.0318 


(4) 


0.0353 


(3) 


0.0355 (4) 


0.0150 (3) 


0.0002 (3) 


-0.0016 (3) 


Geometric parameters (A 














Cl- 


-Nl 








1.463 (6^ 




C15 — C16 




1.506 (7) 


Cl- 


-C2 








1 CAA /'7\ 

1.509 (7^ 




C 1 6 — 05 




1.415 (6) 


C2- 


-01 








1 /ion //^A 

i.4zy 




C 1 / — U5 




1.4z6 (6) 


C3- 


-01 








1 /I O O 

1.433 (6 




C17 — C18 




1 CIA / il\ 

1.514 (6) 


C3- 


-C4 








1.506 (6 




C18 — N5 




1.470 (6) 


C4- 


-Nl 








1.478 (6 




C19 — 06 




1.244 (o) 


C5- 


-02 








l.z5z (o 




Ci9 — JN6 




1.354 (0) 


C5- 


-Nl 








1.352 (6 




C19 — N5 




1.367 (6) 


C5- 


-N2 








1.355 (6~ 




C20 — N6 




1.480 (5) 


C6- 


-N2 








1 /IOC / c\ 

1.485 (5^ 




CzO — Cz 1 




1 A on / c\ 

1.487 (5) 


C6— C7 








1 /1A1 
1.4yi (5 




Czl — C13 




1.815 (5) 


C7- 


-CU 








1 OO 'I / /I \ 

1.832 (4 




Czz — N7 




1.467 (6) 


C8- 


-N3 








1.469 {6 




/-^^ 1 /~i/^ o 
C22 — C23 




1.513 (7) 


C8- 


-C9 








1.507 (7^ 




C23 — 07 




1 /IOC 

1.435 (6) 


C9— 03 








1.42/ (6 




C24 O/ 




1 A^O 

1.4Z8 (6) 


ClO- 


-03 








1.430 (6' 




C24 — C25 




1.519 (6) 


ClO- 


-Cll 






1 CAT //^S 

1.50/ (6^ 




/-"I C XT'? 

C25 — JN / 




1.462 (6) 


Cll- 


-N3 








1.466 (6) 




C26— 08 




1.235 (5) 


C12— 04 








1.239 (6) 




C26— N8 




1.351 (6) 


C12- 


-N3 








1.362 (6) 




C26— N7 




1.375 (6) 


C12- 


-N4 








1.362 (6) 




C27— N8 




1.466 (6) 


C13- 


-N4 








1.473 (6) 




C27— C28 




1.509 (7) 
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C13 — L14 


1 CIA /T\ 

1.510 (7^ 




Cz5 — C14 




1 OAT /C\ 

1.807 (5) 


C14 — C12 


1.815 (5^ 




C13A — C14A 




1.568 (16) 


C15 — ^N5 


1.471 (6^ 




C27A — C28A 




1.561 (17) 


XT1 

JN 1 — CI — Cz 


linn 
110.9 (D^ 




Nd — CI J — Ci6 




linn t z\ 
110.9 (D) 


Ol — C2 — CI 


110.7 (5^ 




05 — C16 — C15 




111.9 (5) 


Ol — C3 — C4 


111 c / c\ 

111.5 (5) 




05 — C17 — CI 8 




111 O f c\ 

111.8 (5) 


N 1 — C4 — C3 


109.7 (5 




XTC 1 O 1 T 

N5 — Clo — C17 




1 1 A T f C\ 

110.7 (5) 


/~^C XT1 

Oz — C5 — N 1 


122.3 (5 




/^/T 1 A XT£ 

(Jo — C19 — No 




1 '1 A A f A\ 

120.9 (4) 


02 — C5 — N2 


120.3 (4~ 




1 A XTC 

06 — CI 9 — N5 




121.8 (5) 


XT1 xy^ 

Nl — C5 — ^N2 


117.4 (5, 




XTZ" 1 A XTC 

N6 — CI 9 — ^N5 




117.3 (5) 


XT1 /^zT r^n 

N2 — Co — C7 


1 AO ^ /'/I \ 

108.6 (4 




XTzT /^'lA /^-^ 1 

N 6 — CzO — Cz 1 




111 f A\ 

1 1 1 .z (4) 


Co — C7 — Cll 


1 AO A \ 

108.0 (3 




CzU — Cz 1 — C13 




1 AT ^ /I \ 

107.6 (3) 


f~^C XT1 1 

C5 — ^Nl — CI 


126.9 (5 




/~i 1 r\ XT^ O 

C19 — ^N5 — C18 




117.6 (5) 


C5 — Nl — C4 


118.9 (5' 




C19 — ^N5 — C15 




123.8 (5) 


/"I I XT 1 /I 

CI — Nl — C4 


112.4 (4' 




/—' 1 o XTC 1 C 

C18 — N5 — C15 




111.6 (4) 


/^C XT^I /^ZT 

C5 — N2 — Co 


120.3 (4 




C19 — N6 — C20 




1 'I A 1 { A\ 

IzO.l (4) 


C2 — Ol — C3 


1 1 A Z' //( \ 

110.6 (4, 




C16 — 05 — C17 




110.2 (4) 


XTO i~^C\ 

N3 — C8 — C9 


109.1 (5' 




N7 — C22 — C23 




108.8 (5) 


i~\"> f~^c\ /~^o 

03 — C9 — Co 


113.4 (5, 




07 — C23 — C22 




1 1 1 A /C\ 

112.0 (5) 


03 — CIO — Cll 


1 1 1 /ex 

112.1 (5, 




07 — C24 — C25 




111 o ^ z\ 

111.8 (5) 


N3 — Cll — CIO 


1 A A A /^\ 

109.9 (5^ 




N7 — C25 — C24 




1 A A T /r\ 

109.7 (5) 


/I 1 XTT 

04 — C12 — N3 


121.4 (5' 




/~\0 /~^'^/' XTO 

08 — C26 — N8 




120.5 (4) 


i~\A 1 '1 XT A 

04 — Ciz — N4 


1 'I A C / A \ 

120.5 (4 




/^O XTT 

08 — C26 — ^N7 




1 'I 1 A / C\ 

121.4 (5) 


xn 1 XT/1 

N3 — Clz — N4 


1 1 O 1 /c\ 

118.1 (5j 




XTO t~^'^£i XT'? 

JSIo — C26 — ^N7 




lion /c\ 

118.0 (5) 


XT /I 1 O 1 A 

N4 — C13 — C14 


1 AT T / /I \ 

107.7 (4^ 




N8 — C27 — C28 




1 A A 'I / /I \ 

109.2 (4) 


C\'K C\A CM 


IWo.Z \^ 




P97 ^98 C\A 






C12— N3— Cll 


118.9(5) 




C26— N7— C25 




117.3 (5) 


C12— N3— C8 


124.4 (5) 




C26— N7— C22 




123.0 (5) 


Cll— N3— C8 


112.3 (4) 




C25— N7— C22 




112.7(4) 


C12— N4— C13 


119.8(4) 




C26— N8— C27 




120.5 (4) 


C9— 03— CIO 


109.8 (4) 




C24— 07— C23 




109.9 (4) 


Hydrogen-bond geometry (A, °) 


D—Yl-A 




D—H 




D-A 


D—R-A 


N2— H2C-06 




0.85 


2.03 


2.831 (6) 


157 


N4— H4C-04' 




0.86 


2.00 


2.826 (6) 


162 


N6— H6C-02" 




0.85 


2.00 


2.819 (6) 


161 


N8— H8C-08'" 




0.82 


2.05 


2.809 (6) 


153 


Symmetry codes: (i) x, -y^l, z+1/2; (ii) x, y. 


z-l; (iii)x, - 


z+1/2. 
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